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BYNOPSUl 

The year 1816 is famous from the meteorological point of view. 
More has been written about this year than any other. All the 
older books on climate and weather and many biographies and 
histories have something to say about it. There are many refer- 
ences to it in the periodical literature but the statements are often 
inaccurate and exaggerated. 

Good observations were made in Williamstown, Mass., from 
1816 to 1838. The observations for 1816 aa compared with those 
from 1816 to 1838 and from 1901 to 1923 are discussed. The year 
1816 was the seventh coldest, averaging 44.3’ F. or 1.3’ F. below 
normal. The two coldest years (1816-1838) were 1836 and 1837, 
each averaging 42.6‘ F., or lust 3’ F. below normal. Thus 1816 
as a whole was not record-brealiingly cold. February, October, 
November, and December of 1816 were too warm, while the 
remaining months were much too cold. The year was thus escep- 
tional because of a very cold summer. The lowest temperatures 
at 7 a. m. for June, July, and August,’1816, were 35’ F., 43’ F., 
and 37.5’ F., respectively and these were the lowest for these 
nionths for the 23-year pe;iod. The individual cold spells during 
the summer months are discussed next and the observations taken 
at other stations during 1816 are compared with those at Willims- 
town 

In the second art the possible reaaons why 1816 was so abnormal 
are treated. &ere had been the violent volcanic eruption of 
Tomboro in April, 1815. A weak sun-spot maximum had also 
occurred during 1816. 

I n  the third part the possible causes of the abnormality of any 
month or year are discussed. Volcanic eruptions, changes in the 
activity or condition of the sun (sun spots, solar constant), changes 
in the surface temperatures of the oceans, changes in the compo- 
sition of the atmosphere (ozone, carbon dioxide), and accidental 
causes are treated in order. 

PART 1 

The year 1816 is famous from the meteorological point 
of view. More has probably been written and said about 
this -year than an other. It is famous as the cold year 
and is often cal1eJ“ the year without a summer, ” “pov- 

” or “ei hteen hundred and froze to death.” 
e d f l t z o l d e r  bo% on meteorology, climate, or weather 
have much to say about it. Take as an example Blo et’s 
Climatology .of the United States published in %a- 
delphia in 1857. Data concerning the year are found 
in many tables and there are many references to it. 
On pages 147 and 148 there are these comments: “But 
d m g  this period the most remarkable depressions of 
tern erature in the summer months known ‘to all history 
of &ermometer measurements occurred in the period 
from 1811 to 1817. Of these 1813 and 1816 were the 
coldest. In the Northern States snows and frosts occur- 
red in eve month of both summers: Indian corn did 
not ripen,%uits and grains of every sort were greatly 
reduced in quantity or wholly cut off. * * * ’In 
England 1816 was dmost as extreme as in the United 
States. ” 

Most of the biographies and histories ( articularly 

something to say about this.year 1816. fake  for example 
State and locd histories) covering this erio B also have 

I  AM^ prerldmtid addrer* read before the American Meteoralwkd S d e t y  at 
Wsllhlngton, D. C.. Dec. 81.1024. 
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Chauncy Jerome’s History of the American Clock 
Business for the past Sixty Years and Life of Chauncy 
Jerome. This was written in 1860 when Jerome was 67 
years old. He was thus 23 years old in 1816. On pages 
31 and 32 he has something to say about the famous 
year. He was then living in Plymouth, Conn. 

The next summer was the cold one of 1816, which none of the 
old people will ever forget, and which many of the young have 
heard a great deal about. There was ice and anow in every 
month in the year. I well remember the 7th of June, while on 
my way to work, about a mile from. home, dressed throughout 
with thick woolen clothes and an overcoat on, my hands got so 
cold that I was obliged to lay down my tools and put on a pair 
of niittens which I had in my pocket. It snowed about an  hour 
that day. On the 10th of Juue, my wife brought in some clothes 
that had been spread on the ground the night before, which were 
frozen stiff as in winter. On the 4th of July I saw several men 
pitching quoits in the middle of the day with thick overcoats on, 
and the sun shining bright at the time. * * * Not half 
enough corn ripened that year to furnish seed for the nest. 

Jerome is usually quite accurate in his statements 
and free from ex geration so this can probably be 

memory 44 years after the event. 
Thom son in his Histor of Vermont says: “It is 

ever known in Vermont. ” 
There are also many casual references to this year 

in the eriodical literature all the way from 1816 to 
date. fn fact references seem to be more frequent 
during the last few years. If any month is at all cold, 
the year 1816 is at once recalled as the awful example. 
The Literary Digest for September 6, 1924, contains 
this: 
In 1816 there were no crops raised north of the Ohio and Potomac. 

Frost, snow, and ice 

That is plainly somewhat exaggerated. 
If all the statements in climatologies, in books on the 

taken at  almost T ace value although written from 

universa r ly conceded that t z e year 1816 was the coldest 

and but scanty returns much farther south. 
appeared in every month of spring, summer, and fall. 

Mass., on January 1, 1816. 
The temperature was noted three times a day at  7 a. m., 
2p. m., and 9 p. m. The amount of recipitation, the 

noted, and there-were many comments. There were no 
maximum and m i m u m  thermometers so the highest and 
lowest temperatures were not recorded and the barometric 
pressure was also not observed that year. It is interest- 
ing to note that the moon’s age was very carefully re- 
corded. That was discontinued, however, after eight 
or nine years. Meteorological observations have been 

wmd direction, and the character of t E e day were also 
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continued in Williamstown to date, so that the record is 
now 109 years long, For the first 23 years, that is, from 
1816 to 1838, inolusive, the observations were made with 

eat care, they are apparently uniform, there are no 
% k k s I  and the have been carefully avera ed. These 

year 1816 was as compared with the 23 years from 1816 
to ‘1838. Williamstown is also well located for a critical 
study of the year 1816. Taking 
New York and New England together, it is approximately 
centrally located. 

The observations in 1816 were taken within a few hun- 
dred feet of the Hopkins Observatory of Williams College 
which was built in 1838. It is not known ‘ust what kind 

The obser- 
vations for 1816 to 1838 were bound up in book form, 
probably before 1850, and that has kept them intact 
until the present time. 

Table 1 contains the average monthly and the average 
yearly tem eratures for the 83 years, 1816 to 1838, in- 
clusive. d e  normals for the months and the year, de- 
termined by averaging the 23 corresponding values are 
also given. The exponent 3 indicates the lowest average 
and the exponent 2 the next lowest. The exponent 3 in- 
dicates the highest mean. It will be seen that the normal 
early tem erature for the 33 years comes to 45.6’F. 

%he two co Y dest years were 1836 and 1837, each with an 
average of 42.6’ F., and thus just 3’ F. below normal. 
The year 1816 averaged 44.3’ F. or 1.3’ below normal, and 
was only the seventh coldest. Thus the year 1816 was not 

henomenal because the year as a whole avera ed so low. 

tioned, were much worse. When the individual months 
are considered, it will be noted that February, October, 
November, and December were too warm while the re- 
mainin months were too cold. May was the second 

June was the second coldest for 23 yeam and averaged 
5.2’ F. below normal; Jul was the coldest for 33 years 

below normal. The reason why 1816 is considered to be 
so abnormal begins to be ap arent. It is because the 
three summer months June, fuly, and August, and the 
two adjacent months, May and September, were all far 
below normal. And yet these departures from normal 
are not extremely lar e and only one was the largest for 

or if the cold spell had come durinathe winter, sprin , 

never have been famous. It is also to be noted that the 
summer of 1837 with the same five months, 4.7’, 2.6’, 
3.5’, 2.1°, and 2.4’ below normal, was almost as bad, 
and et 1837 is seldom heard of: 

d e  reason why 1816 was considered so abnormal be- 
comes stil l  more apparent when the lowest observed 
temperatures during each of the summer months for the 
23 years are tabulated. These are indicated in Table 2. 
It must be remembered that these are not minimum tem- 

ratures but temperatures observed at 7 a. m. or 9 p. m. 
KwiU be noted that the lowest temperatures for all three 
months came in 1816. During June a temperature of 35’ 
was noted; during July 43’, and during August 37.5’. 
These were all 7 a. m. temperatures. One naturally 
wonders how low the minimum tem eratures were. 
mere are two ways of etting a t  this. Pn the first place, 
in some places in the o 5 servation book the sunrise tem- 
perature was ven along with the 7 a. m. tem erature if 
it was partic 3 arly low. All these cases have % een indi- 

observations wd thus serve to show how a % normal the 

It is not near the sea. 

of a shelter or what instruments were use d . 

h e y e a r s  1836 and 1837, which are but sedom B 

coldest 1 or the 23 years and averaged 3.8’F. below normal; 

and aver ed 5.4’ F. beow T 
2.1’ F. beow Y 

men- 

normal: August averaged 
normal and September averaged 3.9O F. 

23 years. If the col d months had not been consecutive, 

or autumn instead of midsummer, t e year 1816 wou f d 

cated. The aver e Merence is between 3 and 4 de- 
grees. Secondly,Table 3 ‘ves for Albany, N. Y., the 
average difEerence for the f i r e  e summer months, June, 
July, and August, between the minimum and the 7 a. m. 
temperatures for the last 10 ears, 1916 to 1924, inclu- 
sive. It will again be seen dat the minimum tempera- 
tures should have been around 4 degrees lower than the 7 
a. m. temperatures. That means that it froze every 
month dunng the summer of 1816, since the minimum 
temperatures were probabl about 31’, 39’, and 33’, and 
39’ is the frost limit for wy illiamstown. 

The marginal comments in the observation book in 
connection with these three low temperatures and a de- 
scription of the famous cold s ells are next in order. The 
famous cold spell during &ne and, in fact, the most 
remarkable during the summer, came from the 5th to 
the 11th. On June 5 at noon the temperature wm 
83’ F. Thunder showers oame quickly and the wind 
shifted into the northwest with vigor. In  fact, it  was 
cloudy and squally and the temperature was forced 
steaddy down. On the Gth at 7 a. m. the temperature 
was 45%’ F., and that was urcrmest for the day. The 
marginal comment says: “Snowed several times-in 
Peru the ground was white-also in Cheshire, Windsor, 
and west of us on mountains.” Jerome’s comment on 
this same day at Plymouth, Conn., will also be recalled. 
He said: “It snowed about an hour that .day.” Zadock 
Thompson, in his History of Vermont, published in 1842, 
says: On the 8th of June snow fell in all parts of the 
State, and u on the highlands and mountains to a depth 

over a large part of New E The date is not 
uite the same, but that is pro ??I ably a lapse of memory. 

%t 7 a. m. on the 7th the tem erature was down to 
and there were 

some clouds, it is a question if the minimum temperature 
had been much lower. The wind continued steadily in 
the northwest and the 7 a. m. temperature on the 8th 
was 40.5’ F., on the 9th, 40.5’ F., on the loth, 40%’ F., 
and on the l l th ,  38’ F. The culmination evidently 
came in the early hours of the 11 th. The marginal com- 
ment says: “ Heavy frost-vegetables killed-at 5 o’clock, 
temperature 30.5’.” By 7 a. m. the wind was south, the 
tem orature 38’, and rapidly rising. 

A!i this can only be interpreted in terms of an extensive 
area of high pressure which was ushered in by strbng 
northwest winds and snow squalls, and dominated the 
weather for six full days. This was the onl cold spell 
during June, the rest of the temperatures Being quite 
moderate. In fact, on the 24th the temperature was up 
to 94’ F., which is very high for Williamstown. In  July 
the same thing took lace on a more moderate scale. 
On the 6th the wind sEifted to the northwest with vigor 
and the temperature was forced steadily downward. 
This time it lasted four days, and the lowest temperature . 
was 43’ F. a t  7 a. m. on the 9th. The single margjnal 
comment is “frost.” There was no snow this m e .  
The rest of July was again very seasonable. During 
August there was no ronounced cold spell. “he lowest 
temperature was 37.5 F. at  7 a. m. on the 29th. The 
mhrginal comment is “Severe f r o s w o m e  vegetables 
(green corn) killed-few solar spots.” It is interesting 
to note that solar spots and a cha e in the phase of the 
moon were bei careful1 observz. It was apparently 

chief causes of abnormal weather. Thus t e chief ab- 
normalit of the summer consisted of these three cold 
s ells. & snowed during the cold spell in June only. 
I? barely froze in July. 

of 5 or 6 inc R es.” There seem to have been snow squalls 

35’ F. As the wind was still bowing P 
land. 

B 

Y were the 
considered at T t e time t % at these two 
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The average temperature for the different months and 
the years were computed, using the 7 a. m., 2 p. m., . m. temperatures. In  fact, they were computed 
from and g c f  ail temperatures which were found by the for- 
mula % 8 a.m.+2 p. m.+9 p. m.). m e  formula (7 
a. m. + 2 p. m. + 9 . m. + 9 m.) is considered much bet- 
ter and was used P or a timepdy the United States Weather 
Bureau. Now, of course, % (max.+min.) is always 
used to compute an average d d y  temperature. These 
differ, however, but little from each other. Table 4 
gives the average monthly temperatures for 1816 when 
the d d  temperatures were computed by both formub. 
It will g e seen that the average difference is 0.65' F. 
The summer difference is a little less than a degree, 
and the winter difference about four-tenths of a degree. 
The difference between average monthly tem eratures 
when the daily temperatures are com uted % y (7 
a. m.+2 p. m.+9 p. m.+9p.  m.) and F rom % (max.+ 
min.) has often been investigated, and the difference is 
only a few tenths of a degree. Thus the values given in 
the table for the varioui3 months and for the ears 1816 
to 1838 are only a few tenths of a degree hig K er than if 
the daily temperatures had been computed from 
(inax. + min.) . 
1933, inc P usive) will be of interest. Tn Table 5 are given 

Corres onding data for the last 33 years (1901 to 

the average yearly temperatures for the 23 years 1901 to 
1933, inclusive. The normals are also given. Thc nor- 
mal yearly temperature for 1901 to 1933 comes out 
45.52" F., while t he  nornial \-early temperature for 1816 
to 1838 comes out 45.57' p. And t h s  in spite of the 
fact that the first is computed from M (mas.+ rnin.) 
while the last resk u on 4$ (7 a. m. + 2 p. m. + 9 p. m.). 
The departures of t%e coldest May, June, July, August, 
and September from normal are 8.3', 4.2', 2.S0, 5.4', 
and 3.7'. The departures of the same five nioiiths of 
1516 from normal were 3.5', 5.2', 5.4' 5.1', and 3.9'. 
These are of the same order of magnitude. Thus sum- 
mer months have departed from normal just as much or 
more during the last 23 years as in the months of 1816, 
only the big departures did not all come in the same 
year. 

Table 6 contains the lowest minimum temperature for 
June, July, and August for the years 1901 to 1923, in- 
clusive. The very lowest values are 35' F. for June 2912, 
41' F. for July 1913, and 35' F. for August 1904. These 
are minimum temperatures. Compare them with 7 a. m. 
temperatures of 35' F. for June 1816, 43' F. for July, 
and 37.5' for -4u st. The 1516 minimum temperatures 

than the lowest observed from 1901 to 1923, inclusive. 
The agreement of Williamstown observations with 

those taken at other stations during 1816 is a matter of 
importance. Temperature observations were begun in 
North America perhaps as early as 1730 or 1740. 
Very often they were continued at  a station only a year 
or two. It is hard to say at just how many stations 
observations were bein made during 1816-at certainly 
less than 10 stations. 510 et, in hs climatology, gives 

for four laces, namel Salem, Cambridge, New Bedford, 

which are not included, are given in Table 7. Williams- 
town was included but these values have been put in 
parenthesis since the normals were based on only a few 

The values derived from the normals 
gased on the years 1816-1838 are given instead. When 
these are used it will be seen that the agreement among all 

were thus proba r ly lower by a very few degrees oiily 

the departure from normal (-9 o the various months of 1816 

and Wil P lamstown. $ hese, with the New Haven values 

ears, 1816-1819. 

five stations is good.' The departure from normal was 
racticall the same over all the northeastern art of the 

New Bedford during June, July, and August, 1816, were 
38O, 50°, and 48O, respectively. These are apparently 
minimum temperatures. It is interesting to compare 
them with the three lowest 7 a. m. temperatures at  
Williamstown which were 35', 43', and 37.5', respectively. 
The normal annual temperature (1816-1838) at New 
Bedford is 48.6', while at Williamstown the (1816-1838) 
value is 45.6', just 3' F. lower. Williamstown was thus 
harder hit by the cold than Nqw Bedford, which one would 
ex ect from the latter's location near the sea. 

$hus as summary i t  may be stated that 1816 was a 
phenomenal year not because the year as a whole aver- 
aged so low, ,not because each month of the year was 
uniformly cold, but because the three summer months 
and the two adjacent ones were all cold, and chiefly 
because the lowest tem eratures were extremely low in 

the lowest temperature during the summer months 
makes all the difference between a severe frost and the 
absence of frost. 

bnited &at=. The lowest temperatures o f erved at 

a locality where the di B erence of a very few degrees in 

PART 11 

Why was 1816 so abnormal? I t  is easy to ask questions 
but not so easy to answer them. The year 1816 belongs 
to that famous grou of six gears, 1812 to 1817, inclusive, 
all of which were cod  over the whole world. According to 
Prof. William J. Humphreys as given in his masterly 
book, Physics of the Air, the world as a whole during 1816 
was 0.90b C. or 1.62' F. below normal. When we say 
the whole'world was cold, of course we mean the average 
departure from normal of the stations considered was 
1.62' F. The vast oceans were without stations and 
there were also great land areas without stations as well, 
nevertheless, the stations considered were as typical of 
the whole earth as possible. Accordin to Humphrevs, 

volcanic eruptions which put dust into the upper atmos- 
phere. This idea is fully elaborated in the book just 
mentioned. In a crude t o m  the idea mav have origi- 
nated with Benjamin Franklin, or even earlier, as Hum- 
phreys himself says. This volcanic dust in the upper 
atmos here is much more efficient in shielding the earth 

from the earth and thus acts to keo e earth cool. 
There was an eruption of SoufriBre, St. tincent, April 30 
1812, and of Mayon, Luzon, in 1814. The chief volcani; 
eruption, however, was that of Tambora, Sumhawa, 
April 7 to 12, 1815. 

This was a really great eruption and ranks with the 
four or five 1 est during the last two centuries. It is 
estimated that =f rom 37 to 100 cubic miles of dust, d e s ,  
and cinders were thrown into the atmosphere. Some 
60,000 people lost their lives. For three days there was 
darkness at a distance of 300 miles and the ex losions 
were heard at a distance of nearly a thousand m' 1p a. In 
Williamstown it will be remembered that the year 1816 
was 1.3' F. below normal, and Table 8 contains the de- 
parture from normal of the various months for both 1816 
and 1817. During the eriod 1816 to 1838 there was 
another group of partic up arly cold years the world over. 
These were 1835,1836,1837, and 1838. In Williamstown 
the years 1836 and 1837 averwed the coldest (3' F. be- 
low normal) of any years dunng the period. The de- 

these cold yeam were caused largely, i B not entirely, 'by 

ti 
from t 1 e sun's ether waves than in retainin the radiation 

~- 

3 Observations of some value were probably made during 1816 at Castine, Me.; Sbamn. 
Conn.; Dearfield, Mass.; and Philadelphia. 
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abnormally cold? A sun-spot maximum occurred during 
1816. To be sure it was a poorly marked maximum 
since the Wolfer sun-spot number was about 45 for the 

It will be remembered that these numbers vary gE practically 0 du a minimum to perhaps 150. 

earth as a whole IS supposed to be perhaps 0.5' F. colder 
than normal during a sun-spot maximum. 

PART 111 

during a sharply-marke 7 prominent inmumum. The 

question. If any partic J ar year or m6nth is abnormal, 

step has been taken toward being ab r e to predict 

canic eruptions. The four or five more vi0 9 ent eruptions 

seam to have lowered the temperature "s o the whole 

state just what months during the two or t !h Fee years 

and how much. This means that Y t ere are other causes 

. 

We can now leave the ear 1816 and raise the general 

what are the possible reasons for the abnormality? 
When this question has been satisfactoril answered, 

&!?%aracteristics of a month a considerable time in 
advance. This is a very practical problem and the 
pressure for ita solution is great. 

A fiat possible cause 18 one that has already been 
considered in connection with the year 1816, namely, 
dust thrown into the upper atmosphere b violent vol- 

which have occurred during the lass cent and a half 

earth about lo F. on the average. It must be emphasized 
also that at any particular station it is im ossible to 

followmg a violent eruption are go' to be below normal, 

of abnormality which are fai mom powerful than volcanic 
duet. 
A 8 d  cause is the chang; in the activity or condi- 

tion of our sun. The solar constant and the sun spots 
are the two indices of solar activity which are being 
critically and constantly observed at present and about 
which we know most. There is a growing tendency at  
present to ascribe all abnormalities in our weather to 
changes in the sun. 
We have, in truth, a wonderful central sun for our solar 

system-a vast body 864,000 miles in diameter and at 
a temperature of nearly ll,OOOo F. On its surface, or 
better probably, in its outer la ers there are the sun 
spots and the white spota or &c&. The outermoet 

layer is the corona which ma extend at times even two 

have been carefully observed, some of them for more 
than a cent The sun spots are probably the most 
remarkable.?hey are distinct1 periodic with a period 

occurrence. This is only an average period, fowever, 
as the time interval from meximum to minimum varies 
from 8 to 17 years. The rise from minimum to maxi- 
mum is rapid, requiring about 4.6 years, while the fall 
is slower requiring 6.3 years. The s ottedness of the 

bers which depenBupon and are com uted from both 

numbers are practically zero for a sun-spot minimum 
and rise to almost 150 for a very prominent maximum. 
The sun s ots are also strongly magnetic, two near-by 
spots usua r !y having opposite polarity. This periodicity 
in the activity of the sun is also to be noted in the faculre, 
the shape and extent of the corona, and in the ener 
sent out to the earth by the sun. The corona has w e f  
marked polar tufts and long e uatorial streamers a t  the 

form becomes more quadrangular antf the polar tufts 
aro less marked. At the time of sun-spot maximum 
the surrounding corona is larger and practically uniform. 
The energy sent out by the sun and received by the 
earth also varies with this same period. It is called 
the solar constant and its average value is 1.946 calories 
per square centinieter er minute at the outside of the 
earth's atmosphere. f ts  periodicity is, however, not 
well marked, the value at sun+ ot maximum being 

Abgot expresses it, a change of 100 in the olfer num- 
ber means a chan e of 0.07 calories. Thus as a summary 

is su&ect to irregular iuctuation and to a periodic 
variation with a period between 11 and 12 years. 

How can this marvelous sun, through any change in 
its activity or condition, affect the weather of this earth 
roughly 93,000,000 miles away with nothing between 
but empty space, that is, lumniferous ether? First, i t  
can affect the earth through the quantity and quality of 
the ether waves sent; secondly, by its magnetic field of 
force; thirdly, by means of its electrostatic field of force; 
fourthly, by means of charged electrons or penetrating 
radiation which, originating in radioactive material or 
atomic disintegration, may make their way to this earth. 

The quantity of ether waves sent out by the sun, that 
is the sun's insolation, is measured by the solar constant. 
The average value, as stated above,.is 1.946 calories. It 
is subject to a small periodic vanation with the sun- 
s ot period and to much larger irregular fluctuations. 
80w does a change in the solar constant affect our 
weather? That has been discussed by many investi- 
gators, chief among them being Arctowski, Helland- 

or three m.jllion miles from t g e sun. All of these things 

of 11.2 years, as regards num %e r, size, and lace of 

sun is expressed b means of the Wol r er sun-spot num- 

the number of spots and the number o P  group^.^ These 

time of sun-spot minimum. x s the s ots increase the 

onl about 0.03 calories higher t t an a v e r ~ , '  or, as 

it ma be said t f at ever thing connected with the sun 

* The periodicity of sun II ta WBS tlrst oved b Schwabe in 1W. The sunspot 
numbers were Brst propomrand pre ,$by Wd and later revised and continued 
by Wolfer. They are computed from Re formula N-(lOg+f), whereu le the number of 

ups and 1 the number of spota The sun4 t numben are known from about 1749 
values from 1749 to 1901 weie published% the MONTELY WUTHEP R w l r w  f& 

April and from 1902 to 1919 in MONTELY WEATHER REVIEW for August 1020, 
1928. 'They 

sre now pu6lbbe.h about every three months in the Journal of Terreatrkl Magnetism 
and Atmospheric Ehtricity.  They are. of course, published and discussed In many 
other place3 8(1 well. 

4 Measurements of the solar constant were made as far back BS le37 by Pouillet. Then 
follows the work of Violle Crova, Chowlson Angstr6m and others. In recent times 
the chief InvestiPatm ha& been Langley dimball and finally Abbot and Fowle 
The results of theiu mn#nWEsnt work am &bllshed ih theknnals 'of the A s t r o p h d  
Observatory of the Smithsodan Institution. Four large vol- have appeared. 
Values of the solar constant 8s determined by Abbot and Fowle erlst for certain months 
In the year from 1905 on Since June 1918 continuous determinations have been made. 
Volume 4 contains the 'hues tu rar 'as JAY, i o a ~ .  

and f& 1920 1 1 1  19a2 In the MONTELY WEATHER REVIEW for J a n w  
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Hansen and Nansen, Clayton, Humphreys, and Abbot.’ 
It is necessary, in answerin the question, to study the 
weather of the whole w o r d  The correlations are but 
poorly marked. It would seem that a rise in the palue 
of the solar constant causes a rise of temperature in an 
equatorial belt and also in a near-polar belt (below 60” 
north latitude) while in between there is a fall in tem era- 
ture. This increases the interzonal temperature Jffer-  
ences and this very likely results in an increase in stormi- 
ness, yarticularly alon the margins of these belts. If 

a t  the new value it is hardly possible at prespnt to say 
for any given station just what the difference in weather 
would be. And that is the dmplest case. 

As to the uality of ether waves sent us by the sun, it 

a t  the time of sun-spot mnimum might allow more short 
ether waves to pass. This would favor the building of 
ozone in the upper atnios here and a large quantit of 
ozone would operate to Eeep the earth warm. l% is 

ossible perhaps in this way to explain the slightly 
kgher temperature of the earth during a sun-spot nlim- 
mum. All this is very f a r  from a proved case, and the 
experts do not agree. 

The sun has a, strong and varying magnetic field of 
force. At the high temperat-ures existing in the sun it, is 
very doubtful if there can be any permanent magnetism 
connected with it. It is essentially gaseous and the 
temperature is too high. The mangetic field of force is 
more likely caused by the circulation of charged par- 
ticles, particularly in sun spots. The sun’s magnetic 
field of force, the sun’s electrostatic field of force, and the 
charged electrons and penetrating radiation coming from 
the sun without doubt affect greatly the earth’s magnet- 
ism, the earth’s atmospheric electricity, and the earth 
currents. Here the correlations are excellent. It is a 
grave question if they affect the earth’s weather. There 
are those, Huntington in particular, and others, who have 
a ued for the possibility of a magnetic or electrical con- 

f a r  from a proved case. One can see of c o m e  possible 
connections. There are charged particles in our own 
atmosphere. These are in motion in connection with a 
cyclonic storm and thus such a storm must be weakly 
magnetic. It would thus be controlled to some axtent 
by the earth’s magnetic field of force. There are those. 
who claim that the LOWS follow courses which seem to be 
more related to the magnetic than to the geographic pole. 
I would not for a moment belittle those who have made 
long and laborious investigations along these lines. 
Their work is necessary and very valuable. 

There still remain to be mentioned many investigations 
showing the relation between our weather and the sun- 
spot period. This same period exists in our tempera- 
tures. The earth as a whole is about 0.5’ F. warmer at 
sun-spot minima than normal. The same period is to 
be found in the number of storms. For certain belts they 
are more numerous, in other belts less numerous, at the 
time of sun-s ot maximum. The same period may be 

In all cases the difference is very sliglt. lmong the 
workers alon this line I might mention Arctowski, 

anc/%’owle, Humphreys, and Huntington. It is usually 
stated that these investigations show the relation of our 

the so ar constant shou q d increase 0.05 calories and stay 

is doubtful i 9. there is any change. The smaller corona 

tro 7 of our weather changes. It seems at present very 

found in our \ arometric pressure, and erha s rainfall. 

KO en, Wa fi er, Helland-Hansen and Nansen, Abbot 

* In the two remut excellent rearoh boob Earth and Sun by Ellaworth Hunting- 
ton and World Weather by H. H. Clayton h e  matteta & fully d b o u d .  There 
are’numerour relerenced ’to the mdodiocrl l i b t n r e .  Them book8 am eood places to - -  hegin if anyone wlshr to read up on theam sable&. 

weather to sun spots. It is hard 
to see just what connection sun spots as such have with 
our weather. If we admit magnetic or electrical control, 
the sun spots might, directly affect the weather. They 
are rather to be considered simply as an index of solar 
activity and our weather changes and abnormalities are 
due to changes in this activity. It should also be men- 
tioned in passing that if a magnetic or electrical control 
of the weather is ever once admitted, then we are wander- 
ing in the maze of lunar and lanetar control, for these 

are, of course, those who believe in just this planetary 
influence. We hear of the eight-year Venus period in 
connection with our weather, etc., and even the ghost of 
Vulcan is occasionally called up. 

A third cause of abnormalities may be found in unusu- 
ally high or low temperatures of the surface ‘water of 
an ocean over a large area. This has been but recently 

ht  to the fore and emphasized as a ossible cause 

in Science for June 6, 1924, contains this. I am quothg 
only in part: 

Unusually warm water in the northwestern Atlantic Ocean, 
and especially over the Grand Banks of Newfoundland, is con- 
sidered by the United States Weather Bureau experts aa a very 
likely cause for one of the wettest month of May in years. 

Sir Frederic Stupart gave a pa er at the British Asso- 
ciation meetin at Toronto in lugust, 1934, on “The 

aper is contained in the Bulletin of American Meteoro- 
kgical Societ for AugustSeptember, 1924. I am 

In normal seasons North Pacific cyclonic areaa usually move 
southesetward, with their centers well ofF the coast until at about 
the latitude of northern British Columbia they enter the continent. 
while antkyclonic conditions of moderate intensity and low tem- 
perature prevail in Yukon and the Mackenzie River. 

In certain years, however, the Pacific cyclonic areas are less 
intense and enter the continent farther south, while the great 
anticyclonic developments occur in the far north and sweep south- 
eastward over Canada, accompanied by severe cold waves, which 
not infrequently reach the Atlantic coast. These conditione lead 
to abnormally cold winters in Canada. 

in  other years the North Pacific cyclonic areas appear to be of 
such intensit that they force their way into the continent ih high 
latitudes anBactually prevent the formation of anticyclones and 
their concomitant low temperature. These conditione lead to 
mild winters in Canada. 

The Meteorological Service is investigating as to whether there 
is any connection between the temperature and podtion of the 
Japan current and the behaviour of these cyclonic arm.  

It may thus be true that a change from normal of the 
surface temperature of an ocean over a large area may 
influence the semipermanent highs and lows (the centers 
of action, as they are sometimes called) and thus aff@ 
the traok followed and the characteristics of the mo 
HIGHS and LOWS so that at any given station .a.mont 
may be abnormal as regards temperature, preapitation, 
number of storms, etc. 

But why does the surface temperature of the.ooeans 
e area depart from normal? It may m art 

it  is due to some change in the direction, velocity, quan- 
tity of water carried, or tem eratures of ocean currents. 

be mentioned temperature differences between Equator 
and Pole, rotation of the earth, codguration of the shore 
line, differences in salinity, inffow of water, direotion and 
velocity of the wind. Some of these factors are constant; 
others change. The heating of the equatorial waters de- 
pends upon the insolation from the sun, In other word, 

This is hardly correct. 

bodies are all magnets and c R C  arged odies. And there 

weather. Science Service J ews as given 

variableness o B Canadian winters.” An abstract of the 

quoting from t ;K is abstract : 

Y! 

or cooling on that spot, but more ddy 

There are man factors whic l! determine these matters m 
connection wit E ocean currents. Chief among them may 
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thhis would vary with the solar constant. Perhaps we are 
tting back again to the changes in the solar constant as 

R e  PFirraary cause of abnormalities in the weather. 
Changes in the solar constant would thus cause a different 
amount of heating of the e uatorial waters. This would 
affect the ocean currents, w %J 'oh would in turn determine 
the temperature of the surface water over a large area. 
A change here would afFect the semipermanent HIQHS 
and LOWB which would modify the paths followed and 
the characteristics of the moving HIGHS and LOWS, which 
would cause the weather at  a given station to be abnor- 
mal. The chain of events is a long one and a considerable 
time interval must elapse between primary cause and 
result. Thus a change in the solar constant might cause 
a weather abnormality at  a given station months or even 
years later. The two places where changes in the surface 
temperatures of the ocean are going to cause the greatest, 
abnormalities in North American weather are probably 
between Iceland and the Grand Banks and south of the 
Aleutian Islands. 

A fourth cause of abnormalities may be found in 
chmges in the composition of the atmosphere, particu- 
larly in its carbon dioxide (COJ and ozone content. 
The ocean is a great storehouse for carbon dioside, and 
any change in its temperature would thus put into the 
atmosphere or take from it large quantities of C02. It 
has been pointed out, however, that the quantity of 
CO, in the atmosphere is so large (a layer about 10 feet 
thick) that a change of even 20 er cent in the amount 

to it. Ozone in the upper atmos here has already been 

received from the sun would change the 
ozone and thus its hothouse effect on the eart . It has, 
however, never been proved that this ozone exists, and 
it is extremely doubtful if i t  is the cause of any tempera- 
ture chm 8s. 

In  t h e j j i  place many of our abnormalities in weather 
are said to have accidental causes. This in a sense is a 
misnomer as there are no accidents in nature. When 
the causes are many and minute, and when the relation 
between cause and effect is impossible to trace, we are 
prone to consider the causes as accidental. The story 
of how a Kansas grasshopper caused a drou ht in New 
England illustrates this in a fanciful way. 'J%s obscure 
cause, the Kansas grasshopper, had pulled down several 
heads of wheat in a Kansas wheat field. The farmer, 
viewing the field, noticed in particular this destruction 
and decided to plow the wheat undnr rather than to 
harvest it. This changed the amount of moisture evapo- 
rated from the soil to such an extent that the passing 
mws were deflected from their course and brought no 
rain to New England. But let us pass to a more sensible 
illustration. It is June. A heavy thundershower brings 
nearly 2 inches of rain to a certam station and 20 miles 
away, at another, there is no rain. At the end of the 
month the rainfall at one station is normal and a t  the 

would not change the selective a \ sorption which is due 

mentioned. A change in the qua E 'ty of the ether waves 

%Uantity Of 

many, small, and there is no ossibility of tracing the 
connection. Let us take a thirc?il.lustration. December, 
1923, was abnormally warm. It is still fresh in our 
minds, and it is always better to discuss an abnormality 
while it is still well remembered. This abnormality was 
ronounced. The greatest departure was +12'. In 

killiamstown the departure from normal was 8.9' This 
is ne&, to the largest in 40 years. This abnormalit was 
widespread. Tt oovemcl nearly the wbole o€ tbe 9 sited 

States. This abnormality was lon continued. I t  

Such an afnormality as that can hardly result, from 
small, ins' n%ca.nt, acci&d.d causes. Ths can alwa s 

spread, and long continued. . If not due to accidental 
ca.uses, then why was December, 1923, so abnornial in 
temperature? I t  was not due to volcanic eruptions, for 
there had been none, and in any case they cause a de- 
crea.se, not an increase. in temperature. The sun's ac- 
tivity and condition as evidenced by the solar constant 
and sun spots should next be considered. Table 9 con- 
tains the values of the solar constnnt and the Wolfer sun- 
s ot numbers month by month for the last four years. 
' h e  solar constant had been but little below normal for 
duly, Au st. Se teniber, October, and November, 1923. 

had been markedly below normal. A low value of the 
solar constant should cause most of the United States to 
be too warm. The disconcerting thing is t,hat the abnor- 
mality of tem erature did not continue of the same nature 

was the t.ime of the sun-spot minimum. The lowest 
value for any niontli was that of 0.5' for August. The 
year as a whole avernged 5.5". During a sun-s ot mini- 
mum the earth as a whole should be about 0.5' I? warmer 
than normal. The disconcerting thing here is that each 
month of 1933 did not show tlie same amount and kind 
of abnormality, for more tli,an a year was spent in passing 
through a very flat. mininium. Awarding to I<ullme.r's 
work, at  the time of sun-spot mininium storms should be 
more common in an irregular middle belt across the United 
States and less c.ommon in belts above it and below it. 
The disconcerting thing here is that the area of abnor- 
mally high temperature cmew all of these belts. Possi- 
bly some change in ocean surface temperature over a large 
area caused this abnormality of temperature in Decem- 
ber. A chanae south of the Aleutian Islands would be 
the most like7y cause. Perhaps the small value of the 
solar const.ant a year before and cont-inuing for a year or 
more weakened the Japan Current., so that the A1eut.ian 
Islands LOW and thus also the HIGH in northern Canada. 
were weaker than usual. This would cause fewer cold 
waves, and t,hus make the t,eniperature unusually high, 
We are waiting here for the results of tlie investigatioiis 
such as these by Sir Frederic Stupart along this line. 

The problem of why December, 1923, was abnormally 
warm can also be approached from the other side. 
December was abnormally warm because the moving 
areas of high pressure entered the United States from 
the Pacific along the Oregon and California coasts rather 
than from Alberta. They often dropped far to the south, 
moved slowly, and were not accompanied by cold waves-. 
those vast outpourings of cold air which come down from 
Canada and sweep over a large ortion of the United 
States at times. But wh did t fl ese highs have such 
unusual characteristics? Srohabl y because the semi- 
permanent HIGH which in winter covers the north-central 
portion of Canada was weak. And why was it abnor- 
mally weak? Here we lose the scent and have pene- 
trated as far as we can a t  present from this side of the 
uestion. But in general terms it amounts to this. 

areas of low and hi h pressure. If a mont 1 is the abnorrnaf passin 
8 u r  weather is absolutely controlled b 

it is because the 8rection and velocity of motion and 
the characteristics of the mws and HIQHS were different. 
Why are they different? Because the meteorological 

ber and De&bg, 1923, and Jmnary, 1924, should be mnsulted, 

existed durin November and a part o B January.' 

be claime f when an abnormality is pronounced, wi d e- 

During t Y R  e last adf of 1922 and t-he first half of 1923 it, 

and amount P or a much longer period. The year 1923 

8 For details the temperature charts ln the MOmm? WIATHEB Rrnrw for Novem- 
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condition of the country is Merent  or there is a difference 
in the semipermanent HIQHS and LOWS called the centers 
of action. The last are probably the most important. 
The outstanding question is why these semipermanent 
HIQHS and LOWS are different in difFerent years. 

These five causes of abnormalities which have been 
treated are the only ones which are known to have been 
investigated up to the present time. 

In  order to facilitate the intensive study of this very 
important roblem of the cause of abnormalities, it  is 

eac sY month in the MONTHLY EATHER REVIEW, namely, 
the values of the solar constant; the values of the Wolfer 
sun-spot numbers; any definite information about vol- 
canic eruptions, unusual oceanic surface temperatures, 
changes in the carbon dioxide or ozone content of the 
atmosphere; a more detailed description of the intensity 
and position of the semipermanent HIGHS and LOWS. 

There is a crying need for a weather map of the whole 
Northern Hemisphere, if not for the world. Any change 
in the semipermanent HIQHS and LOWS would then be- 
come apparent. at once. It is probably impossible at  
present to secure the observations in time and it is also 
too expensive. Perhaps the data could be obtained in 
in time to publish these daily maps in the MONTHLY 
WEATHER REVIEW for the month in question. A world , 

meteorolo 'cal foundation has been pro osed. It has 

problem having a s e a r i  upon American meteorolo y 

undertaken than to secure sufficient ata to make an 
excellent and complete daily weather map for the whole 
world and to make possible its s eedy publication. 

factory because i t  does not solve the immense problem 
of the cause of each and every abnormality. That solu- 
tion seems (t little beyond our reach at present. But 
rogress, and distinct progress, has been made. It has 

gee, rather the purpose of this paper to point out the 
importance of the problem and the progress that has been 
made. It is a pressin problem. There is great eager- 
ness for its solution. ft is to be hoped that many mete- 
orologists will lend their best efforts to its solution. 
TABLE 1.-The average monthly and the average yearly temperalures 

(OF,) 1816 to 1858, in Wdliomstown, M a d  

# ested t rl at certain data m h t  be published regularly 

been state !T that to ain the participation o P America, some 

% should be undertaken. % hat better roblem could e 

In  concluding it maybe said t R at ths paper is unsatis- 

s 

. . .  . . . .  

1817 _ _ _ _ _ _ _ _ _ _ _ _  #).E 16.1 28.6 4 3 8  64.3159.6 67.4 66.5 5R7 45.1 888  27.0 43.8 
1818 _ _ _ _ _ _ _ _ _ _ _ _  !&l.8~14.9 31.2180.1 53.6 68.5 71.3 65.9 65.6 48.1 a9.8 P O  44.2 
i ~ i e  _ _ _ _ _ _ _ _ _ _ _ _  zai 17.711.9 & a  55.3 67.2 70.3 BRO:M.O 46.3 882  26.1 46.6 iaao _ _ _ _ _ _ _ _ _ _ _ _  ie.8 a 4  30.7 45.6 54.7 67.4175.1 67.n 61.4 46.8 38.0 m.8 45.9 

1821 _ _ _ _ _ _ _ _ _ _ _ _  17.5 a0.6 30.0 41.2 55.9 68.0 67.8 68.3 61.2 4&l  35.9 24.2 4L5 
lRZZ _ _ _ _ _ _ _ _ _ _ _ _  17.2 !23.3 34.4 44.8 5 4 5  66.3 71.3 67.7 63.1 48.1 39.7 ?A5 46.7 
1823 _ _ _ _ _ _ _ _ _ _ _ _  ?2.9 16.9 3J.6 47.1 54.9 a 4  71.2 67.7 56.1 44.3131.3 ZR5 44.7 
1- .___________ a(L1 24.4 31.4 45.7 h5.1 67.5 67.7164.3 5 4 1  4 4 6  34.6 30.1 45.9 
18% _ _ _ _ _ _ - _ _ _ _  23.1 a(L9 a 4  M I  57.3 70.0' 74.9 68.8 5 8 4  ma 35.0 288 48.0 

laze _ _ _ _ _ _ _ _ _ _ _ _  25.3 Baa 40.7~64.9 880. 71.0 B R B  a8 60.1 36.9 28.5 48.0 

laze _ _ _ _ _ _ _ _ _ _ _ _  m . 7  17.0 28.4 4 x 4  60.1 66.11 68.7 67.3153.7 47.9 as.gaM.5 45.4 

1831 _ _ _ _ _ _ _ _ _ _ _ _  17.6 iarr37 .e  46.8 80.8 71.1 71.4 89.0 69.2 4 ~ 9  axi114.0 46.0 

I 
1827 _ _ _ _ _ _ _ _ _ _ _ _  216.4 25.6 38.2 48.1 57.3 65.4 69.5 66.6 58.9 49.2130.4 m2 45.9 
1828 _ _ _ _ _ _ _ _ _ _ _ _  28.2133.0 8 h 2  40.9 583871.7' 89.2371.0 60.6 46.1 8 8 4  326348.8 

1830 _ _ _ _ _ _ _ _ _ _ _ _  20.6 21.0 34.0J49.4 M 5  64.1 7 2 4  67.8 57.9 48.9143.1 30.7 47.1 

1832 _ _ _ _ _ _ _ _ _ _ _ _  s . 4  23.8 33.7 4L3 64.2 66.2 68.5 67.9 SR5 48.0 880  27.6 45.9 
1833 _ _ _ _ _ _ _ _ _ _ _ _  28.3 1R6 a . 0  48.5 M . 2  61.7 6R2 64.5 69.1 46.7 34.0 28.5 4 h 8  
1824 _ _ _ _ _ _ _ _ _ _ _ _  19.9 82.5 34.6 47.3 57.7 63.2 73.3 67.5 60.2 44.0 33.7 23.0 46.4 
1836 _ _ _ _ _ _ _ _ _ _ _ _  2 a Z  19.9 28.9 4 2 3  54.8 64.7 68.6 66.1'54.9J61.5 36.5 20.2 44.1 

TABLB 2.--Lawest observed temperatures (OF.) 1816 to 1858, in 
WiUicrmstown. Mms. 

1 June 

143.0 
60.0 
53.5 
48.5 

'57.0 

48.7 
a 0  
5 2  4 
520 
56.0 

58.0 
520 
67.0 
51.8 

sa8 
520 
51.0 

'52.0 
54.0 

520 
8 64.0 

5 2 5  

54. 5 

53.2 

1 37.5 
44.0 
45.0 
4 8  1 
48.0 

47.0 
41.0 
48.0 
46.0 

68.0 
43. 0 

'43.4 
4 49.0 

4 l I S  
420 
44.0 

48.0 

'rl a 6  
'43.0 
'420 

68.8 

ma 

48.1 

7 38.5 at 8R. 
8 48 at SR. 

TABLE 3.-The average difference between the minimum and the 
7 a. m. temperature d Albany, N .  Y .  . . .  . . . , , . .  

June July _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  -lzFF! 2 8  4.2 8.8 zFFFrFlq< 4 1  3.4 4.8 5.7 4.6 4.9 6.0 1.3 

August _ _ _ _ _ _ _ _ _  3.5 8.4 3.7 3.6 3.1 2 8  4.1 2 7  3 9  3.6 3.4 

TABLE 4.-The werage monthly temperatures ( O F . )  for 1816, at 
Williamstou~n. Mmr. 

5f (7 a. m.+2 p. m.+9 p. m) _ _ _ _ _  11.0 16. 2's. 3 42 7 62 8 Bo. 8 64.6 64. 9 65.048.4 39.7 27. 7 
(7a.m.+2p.m.+Bp.m.+9p.m.) 20.924.7 28.741.8 51.860.263.6 64. 164.04'1.689.627.4 

Difference _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I-I-I-I-ItH-I-t 0.1 0.5 0.6 0.9 L O  0.6 1. 0.8 1.0 0.8 tt 0.2 0.3 

TABLE 5.-The average monthly and the average yearly tsmperdures 
( O F . )  1901 to 1995, in  WiUicmrstown, Mass. 

1- _ _ _ _ _ _ _ _ _ _ _ _  S.61 a 2  43.6 56.4 66.0 6116 68.5 61.2 49.9 86.0 ZS.8 46.8 
1907 _ _ _ _ _ _ _ _ _ _ _ _  a 5  16.2 ezi 68.7 64.0 aLz144.a 37.1 30.8 44.1 
1908 _ _ _ _ _ _ _ _ _ _ _ _  24.8 19.1 64.7 70.0 66.1 6 1 8  m8 38.5 28.9 46.5 
loo0 _ _ _ _ _ _ _ _ _ _ _ _  Zhl 27.7 64.7 66.8 64.7 & S o  46.6 4 1 0  !23.3 46.6 ioio _ _ _ _ _ _ _ _ _ _ _ _  24.7 a1.o m a  ma os.4 61.0 84.6 19.9 411.0 

1911 _ _ _ _ _ _ _ _ _ _ _ _  28.6 24.1 628  71.0 67.4 & 6  47.7 86.3 32.8 46.8 ioiz _ _ _ _ _ _ _ _ _ _ _ _  14.8 1 8 s  w.2 6 ~ 5  64.2 5 ~ 4  ma 39.1 32.6 ai 
1913 _ _ _ _ _ _ _ _ _ _ _ _  '33.8 21.8 64.8 (19.0 m9 57.7 68.4 41.7 2R8'48.l 
1914 _ _ _ _ _ _ _ _ _ _ _ _  21.9114.9 3LO 41.6 67.7 68.6 67.6 67.1 67.8 5 2 7  86.4 51.7 44.7 
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Cambridge _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
New Bedford.. _ _ _ _ _ _ _ _ _ _ _ _ _  
New Haven _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Salem . . . . . . . . . . . . . . . . . . . . . .  
Willlamstown _ _ _ _ _ _ _ _ _ _ _ _ _ _  

DO . . . . . . . . . . . . . . . . . . . . .  

TABLEB.--L~UJ~XI~ minimum temperazures (OF.) 1802 to 1983, at 
WiUiamstown. Mass. 

-- 
+5.0 -as 
-2.2 +1.6 
-4.0 0.0 
-0.4 + a 3  

. -1.5 +4.0 
-a8 + 2 5  

July 

48 
47 
43 
44 
47 

48 
45 
48 
43 
49 

49 
I41 

44 
47 
48 

47 
8 5 0  

42 
4& 
41 

150 
47 
16 

46.3 

-4.1 
-1.9 
-4.0 

-2.3 

-4., 
+as 

Aug. 

8 6 6  
44 
42 

1 35 

46 
43 
40 
42 
43 

44 
3 3 8  

41 
45 
40 

16 

42 
45 
44 

44 
45 
38 

43. 1 

42 

4s 

-2.5 -4.5 4 . 0  
-1.4 - 2 5  -5.0 
-5.0 -5.0 -7.0 

-1.0 -3.8 -5.2 

- a 7 ’  -3.0 -5.4 
+ a 7  -1.4 -3.2 

1 Lowest average. 2 Next lowest average. 2 High& average. 

TABLE 7.-The departure from tiornral of the #iarious months of 1816 
(OF.) 

-4.8 
-3.3 
-5.0 
4-0.5 
-3.4 
-3.9 

-- 
-0.1 

-1.0 
-1.6 
+1.4 
+1.5 

+as  

March1 April I May I June 

Cambridge _ _ _ _ _ _ _ _ _ _ _ _ _ _  
New Bedford _ _ _ _ _ _ _ _ _ _ _ _  
New Haven _.___________ 
Salem .__________________ 
Williamstown _ _ _ _ _ _ _ _  _ _ _  

DO -______-_-_______-  

-3.2 
-2. 2 
-2.0 
-1.6 
-2 0 
-2.1 

-I3. 5 
-5. L 
-7.0 
--h 7 
-3.8 
-5.4 

+3.5 

YT-: 
+1.7 

+3.6 
+o.e 

1 1 Sep- I Octo- I No- 1 De I 1 Normal 
August tember ber vember cember Year based on- 

- 2 3 ’  -2.2 _ _ _ _ _ _ _ _ _ _ _  
+2.8 -1.4 1813-1858 

-3.0 1778-1920 
+1.& -1.5 1186-1828 

4-2.0 -1.3 1816-lS38 
+2.3 -a5 1816-1819 
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A NEW CLASSIFICATION OF TYPHOONS OF TH@ FAR 

INatlonal Southeasteam U n i v d t y .  Nd-. China] 

INTRODUCTION 

the 100,000 men on board the ships, only 3 returned to 
China alive. 

In  most recent times, all the far Eastern countries 

the dntabr ia  c clone of September, 1905, undreds o 
have aid heavy tolls to these terrible scour es. 

southern Luzon and in the Visayas, and more than 140 
people were killed. In  the typhoon of September 7-12, 
1904, 4,000 persons were kifled in Hub, the capital of 
Annam. A storm wave caused by the Shan hai cyclone 
of 1905 overwhelmed the island of Tsunding  off the 
coast of Shanghai, and several thousand persons were 
drowned. A great flood accompan ’ng the typhoon of 

Japan. More recently, the Swatow typhoon of August 
2, 1922, brought calamities to the region around Swatow; 
more than 5,000 people were killed or drowned in Swatow 
alone. 

Before considering the characteristics and habits of 
typhoons, it is necessw to define what is meant by 
“typhoon.” AlguC has escribed a ty hoon as a vast 
whirl of aerial currents which surroun a central calm 
space of relatively small dimensions cdled the “vortex,” 
or center of the storm. The central 
relative or absolute, is, 
better-developed tropical 
Zikawei Observatory, 
are called t hoons. 

mere de ression, based upon 
has to l! e made. 

The barometric readings do not indicate the intensity 
of a cylcone, for this intensity depends upon the rate of 

5 - thousands of do H ars’ worth of property was destroyed in 

August 7-11, 1910, killed more t F an 1,200 people in 

f B 

of the word!? clear 

~ ~ ~ ~- 

1 Acknowledgments.-With a few alterawons this pa I was written in l D l 8  to lulflll grt of the re uLement for the degree of Ph. D. in &vard University Csmbrldge, 
aed Since t8mjqulte a few pers have been written on the subject of \he t boons 

of thk Far East, t e most no& heiy Father Loats Froc’s Atlas of the T r z o f  620 
Typhoons 1893-1918, published by Zi awe1 observatory 8 hal In view of the 
new light thrown upon the subject b the recent pa& % t i o h  footnotes have 
been inserted wherever occasion demanls. The 8ubJect of th thenla was chmn mainly. 
because of the economic Im ortanoe of ty boons in the Far East The writer has also 
an added intereat bearu~e opthe fact that ge is a native of a d o i o n  the c ~ a d  of china 
which is visited bv t h m  storms. The material used in thla ranort hns laruelv bean ob- 
tained from the &ual a n d - m ~ t h i y ~ m a t e o ; o i ~ ~ ~ ~ - ~ ~ o i ~ - e  Ziiiwd-Oii&wato~ 
(Bulletin des Ohservatlons) the Journal of the Meteorolo#larl Sodet of Ja the 
annual reportd of th.e C e n d  Meteorologiral Observatory of J a p  anbespedgfrom 
the monthly bulletm of the Phillpthea Weather Bureau: wi out theae whlications 
this investigation would not have- possible. It has k n  the privilege of the writer 
to carry out his work under the supervision of Prof Robert DeCou Ward, to w b m  
advice, encouragement. and helpful suggestions tde writer takes t% opportunltpto 
e x n m  his d n m  thanks. 

fThe Chin& d8hfor  this memorable event is the first day of the eeventh month in 
the eighteenth year of Chi-Yuen Jueu dynasty In wedtern chronology thls is July 
17 1281 (according to Rev. P. homg*s Concorhance des Chronologies kmnentques 
Chinoise et EuroDAenne. Shamhal. 1910. D. a~9.1 In thls conaection. attention mar ii 
called to an 1ntaa;aSting book w r i t h  by a Japkae author, N. Y e a d s ,  The Moi~gol 
Invatdon of Japan, publbbd In Loadon In 1916. 


